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•  First ALMA detection of [CII]158µm at 
high-z (Wagg+12 & Carilli+13) 

•  QSO and optically obscured SMG 

 
•  Putative Lyα emitting systems to the 
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Figure 1. Left: white contours show the submillimeter continuum emission from BRI 1202-0725 at 340 GHz at 1.!!2"0.!!8 resolution (major axis north–south). Contour
levels are a geometric progression in square root two, starting at 0.25 mJy beam#1. Negative contours are dashed. The rms noise on the image is 0.1 mJy beam#1.
The color shows the HST F814W image of Hu et al. (1996). The SMG, quasar, Ly!-1, and Ly!-2 are indicated. Right: the integrated [C ii] emission in the velocity
range 0 km s#1 to 130 km s#1 (see Figures 2 and 3(c)). Contour levels are a geometric progression in square root two, starting at 1.0 mJy beam#1. The color is the
Ly! narrowband image from Hu et al. (1996). The Ly! image within $1!! of the quasar is saturated. Note that saturation and diffraction spikes affect the HST and Ly!
images within about a 1!! radius of the quasar.

Table 1
BRI 1202#0725 Parameters

Source Positiona S340 GHz [C ii] Line Peak FWHMc

J2000 (mJy) Redshiftb (mJy) (km s#1)

Quasard J120523.13#074232.6 18 ± 2.7 4.6942 24 ± 3.6 275
SMG J120522.98#074229.5 17 ± 2.5 4.6915 16 ± 2.4 712
Ly!-1 J120523.06#074231.2 <0.3 4.6950 5.1 ± 0.7 56
Ly!-2e J120523.04#074234.3 1.4 ± 0.2 4.7055 3.7 ± 0.6 338

Notes.
a Submillimeter continuum position, except for Ly!-1, which uses the [C ii] line
peak position.
b Formal errors from Gaussian fitting on the redshifts are <0.0003 in all cases.
c Formal errors from Gaussian fitting on the line widths are !15 km s#1.
d Redshift for single Gaussian fit (see Section 3.1).
e This line is truncated in velocity, and hence the fit is highly uncertain, and the
redshift is strictly a lower limit.

sources are shown in Figure 3 at 31.25 MHz spectral resolution
(=28 km s#1).

Strong [C ii] emission is seen from the SMG over essentially
the full frequency range in the first band. Likewise, strong
emission is seen from the quasar over a narrower frequency
range. For reference, we have fit Gaussian models to the
spectra, although admittedly the SMG spectrum is decidedly
non-Gaussian. Results from the fitting are given in Table 1 (see
Wagg et al. 2012 for more details on the SMG and quasar
spectra).

Inspection of the [C ii] channel images shows emission from
the vicinity of Ly!-1, between the quasar and the SMG, in a few
channels just above 0 km s#1. Figure 1(b) shows the integrated
emission in the velocity range 0 km s#1 to 100 km s#1, with
the Ly! image of Hu et al. (1996) in color. This apparent [C ii]
emission is seen along the direction of the extended Ly! tail
from the quasar toward the SMG (Hu et al. 1997), peaking

close (within 0.!!3) to galaxy Ly!-1. A spectrum at this peak
position near Ly!-1 is shown in Figure 3(c). The [C ii] emission
from Ly!-1 is narrow, with an FWHM $56 km s#1, centered at
z = 4.6950. Note that it is difficult to conclude based on these
relatively low spatial resolution data whether this emission is
truly extended between the quasar and Ly!-1, or simply blended
by the limited spatial resolution. The [C ii] emission around the
quasar also appears extended in the direction of Ly!-2 in the
channels around +250 km s#1 to +300 km s#1.

The two highest velocity channels in Figure 2 show [C ii]
emission from galaxy Ly!-2. Figure 3(d) shows the spectrum
of this galaxy. Since the redshift of this galaxy was essentially
unknown prior to the observations, the spectral coverage trun-
cates some unknown fraction of the line at high velocity (low
frequency). Hence, we do not know the full velocity extent nor
total luminosity of the [C ii] emission for Ly!-2, and the redshift
is strictly a lower limit.

Figure 4 shows the iso-velocity image (moment 1 = intensity-
weighted mean velocity) of the [C ii] emission made using a
3.5" blanking level. There is a clear east–west velocity gradient
across the SMG. This can be seen in the channel images
(Figure 2), where the peak of the line emission moves by about
1.!!7 east to west from low to high velocities. The tail of emission
to the north of the quasar toward Ly!-1 is also seen, as well
as the extended emission to the southwest of the quasar toward
Ly!2.

Figure 5 shows a position–velocity (PV ) plot along the major
axis (east–west) of the SMG. The E–W velocity gradient is clear,
as well as a twist in the line of nodes at the extrema in velocity.
Such a twist could signal a warped disk in atomic gas.

4. ANALYSIS

Wagg et al. (2012) present a detailed analysis of the main [C ii]
line and dust continuum emission from the quasar and SMG in
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Figure 3. Spectra of the four galaxies in the BRI 1202!0725 system at 31.25 MHz spectral resolution (=28 km s!1). (a)–(d) The SMG, quasar, Ly!-1, and Ly!-2,
respectively. The continuum derived from the offline IFs has been subtracted. The rms noise is 0.9 mJy beam!1 channel!1. Gaussian models have been fit to the
spectra, with parameters as given in Table 1. Note that the low-frequency part of the spectrum of Ly!-2 was not sampled by these observations. The [C ii] line has a
rest frequency of 1900.539 GHz.

(Figure 2) shows emission extending south of the quasar in
this velocity range. The deconvolved size of the emission in
this velocity range is "1.##5 oriented north–south, as derived
from Gaussian fitting. This feature could be the result of the
tidal interaction or an outflow. We briefly consider the latter
possibility.

In order to determine the outflow rate and energetics, we
follow the same approach presented in Maiolino et al. (2012),
where they detect a similar outflow traced by [C ii] in a z = 6.4
quasar. More specifically, the luminosity of the high-velocity
gas traced by the [C ii] provides a lower limit on the mass of
outflowing atomic gas (in the extreme limit n $ nc, the critical
density for [C ii] excitation). Since the broad component of

[C ii] is poorly constrained, we conservatively consider only the
luminosity of the [C ii] wing integrated between +220 km s!1

and +500 km s!1 (L[C ii](wing) = 0.3 % 109 L&), which
gives a lower limit on the outflowing atomic gas mass of
Moutfl(atomic) > 2.9 % 108 M&, assuming an abundance ratio
of [C ii]/H = 1.4%10!4 (Savage & Sembach 1996). Assuming
a simplified conical or bi-conical outflow geometry and a size
of 1.##5 (=10 kpc), we infer a lower limit on the outflow rate
of Ṁoutfl > 80 M& yr!1. This is a modest outflow rate relative
to other quasar-driven outflows, which generally have outflow
rates higher than a few hundred up to a few thousands M& yr!1

(Feruglio et al. 2010; Sturm et al. 2011; Cano-Diaz et al. 2012;
Maiolino et al. 2012). However, one should keep in mind that

5
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Figure 3. Spectra of the four galaxies in the BRI 1202!0725 system at 31.25 MHz spectral resolution (=28 km s!1). (a)–(d) The SMG, quasar, Ly!-1, and Ly!-2,
respectively. The continuum derived from the offline IFs has been subtracted. The rms noise is 0.9 mJy beam!1 channel!1. Gaussian models have been fit to the
spectra, with parameters as given in Table 1. Note that the low-frequency part of the spectrum of Ly!-2 was not sampled by these observations. The [C ii] line has a
rest frequency of 1900.539 GHz.

(Figure 2) shows emission extending south of the quasar in
this velocity range. The deconvolved size of the emission in
this velocity range is "1.##5 oriented north–south, as derived
from Gaussian fitting. This feature could be the result of the
tidal interaction or an outflow. We briefly consider the latter
possibility.

In order to determine the outflow rate and energetics, we
follow the same approach presented in Maiolino et al. (2012),
where they detect a similar outflow traced by [C ii] in a z = 6.4
quasar. More specifically, the luminosity of the high-velocity
gas traced by the [C ii] provides a lower limit on the mass of
outflowing atomic gas (in the extreme limit n $ nc, the critical
density for [C ii] excitation). Since the broad component of

[C ii] is poorly constrained, we conservatively consider only the
luminosity of the [C ii] wing integrated between +220 km s!1

and +500 km s!1 (L[C ii](wing) = 0.3 % 109 L&), which
gives a lower limit on the outflowing atomic gas mass of
Moutfl(atomic) > 2.9 % 108 M&, assuming an abundance ratio
of [C ii]/H = 1.4%10!4 (Savage & Sembach 1996). Assuming
a simplified conical or bi-conical outflow geometry and a size
of 1.##5 (=10 kpc), we infer a lower limit on the outflow rate
of Ṁoutfl > 80 M& yr!1. This is a modest outflow rate relative
to other quasar-driven outflows, which generally have outflow
rates higher than a few hundred up to a few thousands M& yr!1

(Feruglio et al. 2010; Sturm et al. 2011; Cano-Diaz et al. 2012;
Maiolino et al. 2012). However, one should keep in mind that

5
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Figure 3. Spectra of the four galaxies in the BRI 1202!0725 system at 31.25 MHz spectral resolution (=28 km s!1). (a)–(d) The SMG, quasar, Ly!-1, and Ly!-2,
respectively. The continuum derived from the offline IFs has been subtracted. The rms noise is 0.9 mJy beam!1 channel!1. Gaussian models have been fit to the
spectra, with parameters as given in Table 1. Note that the low-frequency part of the spectrum of Ly!-2 was not sampled by these observations. The [C ii] line has a
rest frequency of 1900.539 GHz.

(Figure 2) shows emission extending south of the quasar in
this velocity range. The deconvolved size of the emission in
this velocity range is "1.##5 oriented north–south, as derived
from Gaussian fitting. This feature could be the result of the
tidal interaction or an outflow. We briefly consider the latter
possibility.

In order to determine the outflow rate and energetics, we
follow the same approach presented in Maiolino et al. (2012),
where they detect a similar outflow traced by [C ii] in a z = 6.4
quasar. More specifically, the luminosity of the high-velocity
gas traced by the [C ii] provides a lower limit on the mass of
outflowing atomic gas (in the extreme limit n $ nc, the critical
density for [C ii] excitation). Since the broad component of

[C ii] is poorly constrained, we conservatively consider only the
luminosity of the [C ii] wing integrated between +220 km s!1

and +500 km s!1 (L[C ii](wing) = 0.3 % 109 L&), which
gives a lower limit on the outflowing atomic gas mass of
Moutfl(atomic) > 2.9 % 108 M&, assuming an abundance ratio
of [C ii]/H = 1.4%10!4 (Savage & Sembach 1996). Assuming
a simplified conical or bi-conical outflow geometry and a size
of 1.##5 (=10 kpc), we infer a lower limit on the outflow rate
of Ṁoutfl > 80 M& yr!1. This is a modest outflow rate relative
to other quasar-driven outflows, which generally have outflow
rates higher than a few hundred up to a few thousands M& yr!1

(Feruglio et al. 2010; Sturm et al. 2011; Cano-Diaz et al. 2012;
Maiolino et al. 2012). However, one should keep in mind that
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Figure 3. Spectra of the four galaxies in the BRI 1202!0725 system at 31.25 MHz spectral resolution (=28 km s!1). (a)–(d) The SMG, quasar, Ly!-1, and Ly!-2,
respectively. The continuum derived from the offline IFs has been subtracted. The rms noise is 0.9 mJy beam!1 channel!1. Gaussian models have been fit to the
spectra, with parameters as given in Table 1. Note that the low-frequency part of the spectrum of Ly!-2 was not sampled by these observations. The [C ii] line has a
rest frequency of 1900.539 GHz.

(Figure 2) shows emission extending south of the quasar in
this velocity range. The deconvolved size of the emission in
this velocity range is "1.##5 oriented north–south, as derived
from Gaussian fitting. This feature could be the result of the
tidal interaction or an outflow. We briefly consider the latter
possibility.

In order to determine the outflow rate and energetics, we
follow the same approach presented in Maiolino et al. (2012),
where they detect a similar outflow traced by [C ii] in a z = 6.4
quasar. More specifically, the luminosity of the high-velocity
gas traced by the [C ii] provides a lower limit on the mass of
outflowing atomic gas (in the extreme limit n $ nc, the critical
density for [C ii] excitation). Since the broad component of

[C ii] is poorly constrained, we conservatively consider only the
luminosity of the [C ii] wing integrated between +220 km s!1

and +500 km s!1 (L[C ii](wing) = 0.3 % 109 L&), which
gives a lower limit on the outflowing atomic gas mass of
Moutfl(atomic) > 2.9 % 108 M&, assuming an abundance ratio
of [C ii]/H = 1.4%10!4 (Savage & Sembach 1996). Assuming
a simplified conical or bi-conical outflow geometry and a size
of 1.##5 (=10 kpc), we infer a lower limit on the outflow rate
of Ṁoutfl > 80 M& yr!1. This is a modest outflow rate relative
to other quasar-driven outflows, which generally have outflow
rates higher than a few hundred up to a few thousands M& yr!1

(Feruglio et al. 2010; Sturm et al. 2011; Cano-Diaz et al. 2012;
Maiolino et al. 2012). However, one should keep in mind that
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Figure 4. Isovelocity images (1st moment = intensity weighted mean velocity)
of the [C ii] emission from BRI1202!0725, blanked at 3.5! . The color scale
ranges from !500 km s!1 (blue) to +500 km s!1 (red), and the contours are in
steps of 75 km s!1. Crosses are the same as in Figure 2.

this is a lower limit on the total outflow rate, because of the
assumed extreme physical conditions, and because a significant
fraction of the outflow may be in the molecular phase. We note
that by taking the flux of the full broad component used to fit
the broad wing (Figure 3(a)), the inferred outflow rate would

increase by a factor of about three. Moreover, this calculation
depends critically on the assumed conical geometry and constant
velocity, and hence should be considered roughly order of
magnitude (see Maiolino et al. 2012 for details).

We derive a lower limit on the kinetic power of PK(outfl) >
5.3 " 1042 erg s!1, which is only 0.2% of the quasar bolometric
luminosity (2.6"1045 erg s!1), well below the maximum kinetic
power that can be driven by the quasar according to models
(#5%; Lapi et al. 2006), meaning that the quasar radiation
pressure can easily drive such a mild outflow. On the other
hand, this relatively low kinetic power can also be driven by the
starburst hosted in the quasar itself. The total IR luminosity of
the quasar is 3.3 " 1013 L$ (Wagg et al. 2012), which implies
a star formation rate of #3300 M$ yr!1, for a Charbrier IMF
using standard relations (Carilli & Walter 2013). The expected
kinetic power is PK(SB) # 2"45 erg s!1 (Veilleux et al. 2005).
Therefore, in this case, the energetics cannot constrain the nature
of the outflow: both the quasar and the starburst can drive it. And
again, the derived kinetic luminosity is strictly a lower limit.

4.3. The Ly" Emitters

We have detected [C ii] line emission from two narrow-band-
selected, Ly" emitting galaxies in the BRI 1202!0725 group at
z = 4.7. The optical and near-IR properties of Ly"-1 and 2 are
described in Hu et al. (1996). The I-band magnitudes are 24.2
and 24.5, respectively. Hu et al. (1996) conclude that these galax-
ies have magnitudes and colors “roughly comparable to an L%
galaxy (at high redshift)” (see also Hu et al. 1997; Lu et al. 1996;
Fontana et al. 1996). They also conclude that the Ly" equiva-
lent widths are: “consistent with excitation by the underlying
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Figure 5. Position–velocity distribution for the SMG in the BRI1202!0725 system, along the east–west direction. Contour levels are a geometric progression in
square root two, starting at 2 mJy beam!1. Negative contours are dashed. Zero velocity corresponds to z = 4.6941.
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S. Carniani et al.: Rotating disks in a strongly star-forming merging system at z = 4.7

Fig. 9. Blue and red residual maps of the QSO host galaxy obtained assuming spatially unresolved kinematics (left and right panels, respectively).
Contours represent the total line surface brightness at 90%, 50%, and 30% of the peak value.

Fig. 10. Analysis of the QSO surface brightness and kinematics. Upper panels: surface brightness fitting with an exponential disk. Lower panels:
velocity field fitting with a circularly rotating disk. From right to left: model, model convoluted for PSF, data and residual map.

4.2. The quasar BR 1202 South

The [CII] position-velocity diagram for the QSO (Fig. 4, right
panel) was obtained by extracting a spectrum from a three-pixel-
wide (0.4500) slit centered on the surface brightness peak and
oriented N-S to compare with Salomé et al. (2012). Similarly
to what was found in the PV diagram of the CO(5–4) line by
Salomé et al. (2012), the two main components at v = �30 and
40 km s�1 a rotating gas disk.

The results of the spectroastrometric test, performed in the
same way as for the SMG, are shown in Fig. 5 and confirm
the possibility of a rotating disk. The dynamical mass esti-
mated from spectroastrometry following Gnerucci et al. (2011a)
is Mdyn sin2 i = (8.3 ± 1.0) ⇥ 109 M� for measured values of
FWHM = 300 ± 20 km s�1 and r = (0.4 ± 0.1) kpc, the half
distance between the blue and red surface brightness centroids.

The results of the residuals tests are shown in Fig. 9 and, as
for the SMG, they confirm that the kinematics is spatially re-
solved and that the disk is probably rotating.

The [CII] kinematical map for the quasar host galaxy has
been obtained with a pixel-by-pixel fitting of two Gaussian func-
tions, as suggested by the presence of the red wing shown in
Fig. 3. As for the SMG galaxy, we first fit the spectrum obtained
from the integrated QSO emission with two Gaussian compo-
nents, constrained to have the same line width. The fainter com-
ponent, which reproduces the red wing, was then kept fixed in
the pixel-by-pixel fitting except for its flux. The resulting sur-
face brightness and velocity maps are shown in Fig. 10. As for
the SMG galaxy, the QSO velocity field shows a velocity gradi-
ent oriented in the same direction as the shift between the red and
blue centroids. To ensure that the kinematics of the QSO host

A29, page 9 of 16
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Fig. 7. Analysis of the SMG surface brightness and kinematics. Upper panels: surface brightness fitting with an exponential disk. Lower panels:
velocity field fitting with a circularly rotating disk. From right to left: model, model convoluted for PSF, data and residual map.

might be due to turbulent motions. From the dynamical model-
ing we can estimate the maximum rotational velocity (Vmax) and
the intrinsic gas velocity dispersion �int

h�2
inti =

D
�2

obs � �2
model

E

where �obs is the observed velocity dispersion and �model is that
expected from the model that best fits the velocity map. �obs is
directly obtained from the main Gaussian line component with-
out any correction for the spectral resolution; �model is computed
by assuming a cold rotating disk, that is with no intrinsic veloc-
ity dispersion, and by taking into account the spectral and spatial
resolutions of the observations. In particular, the main contribu-
tion to �model is given by beam smearing, while the e↵ect of
the spectral resolution is negligible since line widths are large.
�int is therefore the intrinsic velocity dispersion of the emitting
material.

The ratio Vmax/�int was used to indicate whether the kine-
matic of the galaxy is rotation dominated (Vmax > �int) or
dispersion dominated (Vmax < �int). For the SMG we ob-
tained Vmax/�int ⇠ 1.3 with Vmax ⇠ 270 km s�1 and h�inti ⇠
200 km s�1. This indicates that the SMG has a dynamically hot
disk compared with local galaxies for which Vmax/�int ⇠ 10, but
comparable with LBGs at redshift z ⇠ 2–3 (Cresci et al. 2009;
Gnerucci et al. 2011a).

Summarizing, the mass and inclination of the SMG disk
were derived from the posterior distributions of the parame-
ters by considering the median values and the 5 and 95 per-
centiles and result in Log10(MSMG/M�) = 10.8 ± 0.6 (MSMG =
6+18
�5 ⇥ 1010 M�) and i = 25� ± 15�.

The spectroastrometric estimate performed at the beginning
of this section MSMG,vir = (4.7 ± 1.5) ⇥ 1010 M� (for an average
inclination value of i = 60 deg, taking into account the 0.15 dex
systematic error) is perfectly consistent with the dynamical mass
measured from the spatially resolved kinematics, confirming the
reliability of the spectroastrometric method of Gnerucci et al.
(2011b).

Fig. 8. Confidence contours for the dynamical mass and inclination val-
ues of the SMG obtained with the MCMC and 105 trials. The solid and
dashed lines identify the 95% and 60% confidence limits, respectively.
The red and green contours denote the cases with and without the prior
on the dynamical mass, respectively.

We conclude this section by roughly estimating the amount
of mass that could be supported by the disk velocity disper-
sion, because MSMG is only the amount of mass that is supported
against gravity by disk rotation. If the velocity dispersion indeed
provides support against gravity, the dispersion-supported mass
would not be negligible since �int ⇠ Vrot. In this case, unfor-
tunately, it is not possible to apply simple recipes such as the
asymmetric drift correction (see, e.g., Barth et al. 2001), and we
therefore rely only on a virial estimate. With �int ' 200 km s�1

and r0 = 2.8 kpc the dispersion-supported mass is MSMG,disp '
�2

intr0/G = 2.6⇥1010M�, similar to the rotation-supported mass,
as expected.
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FORS2-VLT,Observations@
•  Multi-object spectrograph 
•  Goal: confirm that Lyα-1 / 2 are LAEs at redshift of QSO-SMG 
•  Slits placed on the 2 LAEs 
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Results:,Lyα-1@

Lyα Emission Profile 
 

z = 4.703 
FWHM = 1381�124 kms-1 

29/01/2014 IoA Seminar 

0.0 1.5 3.0
Flux [x10−16 erg cm−2 s−1 Å−1]

SkySky

0.000 0.006 0.012
Target (sky−sub.)Target (sky−sub.)

−0.05

0.00

0.05

0.10
Fl

ux
 [x

10
−1

6  e
rg

 c
m

−2
 s
−1

Å
−1

]  
   

   
   

 

NVNV

LyαLyαTarget (sky−sub.)Target (sky−sub.)

6600 6700 6800 6900 7000 7100 7200
λ [Å]

−0.10
0.70
1.50 SkySky

[R.J. Williams, J.Wagg, R.Maiolino et al, MNRAS, 2014 (in press)] 



29/01/2014 IoA Seminar 

−6000 −4000 −2000 0 2000 4000 6000
Velocity [kms−1]

−0.02

0.00

0.02

0.04

0.06

0.08

0.10

Fl
ux

 [x
10

−1
6  e

rg
 c

m
−2

 s
−1

 A
−1

]

Lyα
[CII] (peak norm. to Lyα)
FORS2 Spectral
Resolution

−400 −200 0 200 400
Velocity [kms−1]

−2.00

0.00

2.00

4.00

6.00

Fl
ux

 [m
Jy

] /
 b

ea
m

•  Drastically different Lyα and 
[CII] profiles -> kinematics 

•  Emission region: Lyα ~ 2.2’’ 
         [CII] < 1’’ 

 
•  Consistent with recent 

simulations (e.g. Vallini+13) 

•  Possibly traces highly in-
homogeneous ISM and star 
formation environment 

 

Results:,Lyα-1@



•  Large width of Lyα emission (1381 kms-1) & tentative (2σ) high 
velocity tail (5000 kms-1). 

 
 

•  High Lyα equivalent width (103 �14 Å)   
=> Either very young system or an older, very metal poor system  
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Results:,Lyα-1@
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supported by colours unlikely, because 
of [CII] detection 



•  Non-detection of other high ionisation emission lines 
•  Show expected fluxes in the case of photoionisation by a QSO 

(Nagao+06) 
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Results:,Lyα-1@



•  He II should be detectable regardless of metallicity 

•  Comparison with He II/Lyα ratio for QSO2s (Nagao+06) 

•  Estimate fraction of Lyα emission produced by ionisation from 
QSO < 10% 

 => Powered by in-situ star formation. 
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Results:,Lyα-1@
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z = 4.698 
FWHM = 1225 �257 kms-1 

Results:,Lyα-2@

Also, much broader 
than [CII] (300 km/s) 
also in this case 



Scenarios,for,large,width@
•  Strong tidal sheering where compact clumps less affected and 

traced by [CII] 
-> However separation (> ~10 kpc) suggests this is unlikely 
 

•  Could be tracing ‘strong positive feedback’ predicted by recent 
models (e.g. Ishibashi & Fabian+12, Zubovas+13, Silk+13): 

           star formation triggered in AGN-driven outflow 
           (consistent with young age of the system) 

•  Both companions formed independently of QSO, but outer 
regions are being blown away by radiation pressure 

 -> would still expect signs of QSO photoionisation 
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HII,Sphere@
•  Lack of asymmetry in both Lyα profiles, 

expected from IGM HI absorption, in 
contrast to all high-z LAEs 

 
•  Implies these systems are within HII region 

produced by the QSO 

•  First time HII region probed at high-z in this 
way. 

•  Lower limit on HII radius: 

29/01/2014 IoA Seminar 

RHII > 15kpc
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More,details,in:@
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ALESS73.1,(z,=,4.7)@
•  New ALMA (cycle 0, 23 antennae) observation which 

spatially resolves [CII] emission around ALESS73.1  
     -> SMG at z = 4.76 
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Carlos De Breuck et al.: ALMA reveals a nascent galaxy at z=4.8 embedded in a turbulent rotating [CII] disk

Fig. 1. Continuum-subtracted, velocity-integrated [CII] emission over-
plotted on a HST CANDELS YJH image (Grogin et al. 2011; Koeke-
moer et al. 2011). We see that the rest-frame UV emission traced by
HST is dominated by an unresolved point source, consistent with AGN-
dominated rest-frame UV emission, with no clear host galaxy visible.
Both the [CII], which is spatially resolved in our ALMA observations at
! 0"".6 resolution, and the spatially-unresolved continuum emission (see
Fig. 3) peak on the position of the optical/near-infrared source within
0"".2, indicating that the AGN lies close to the centre of the far-infrared
emission. The contour levels start at 5!, where !=10mJy/beam, and
increase by 5!.

[CII] redshift z=4.7555 as the systemic redshift and zero-point
of all velocities quoted in this paper.

We also compared the velocity structure of the [CII] and the
[NII] data from Nagao et al. (2012) by making velocity slices
along the major axis of the data cube of both datasets. The results
are consistent, though a detailed analysis is not possible due to
the limited S/N and spatial resolution of the [NII] data.

We ascribe both the di!erent [CII] flux level and the veloc-
ity shift reported by Nagao et al. (2012) to baseline subtraction
problems in the 3# narrower APEX spectrum of De Breuck et al.
(2011). The consistency between the new APEX and the ALMA
flux implies that we are not missing any significant amount of ex-
tended [CII] flux on short baselines, corresponding to scales of
> 6"" or 40 kpc. All the [CII] emission in ALESS 73.1 therefore
arises from the structures detected in these ALMA observations.

The greyscales in Fig. 3 show the combined 318.13
+ 330.34GHz continuum image, with a synthesised beam
size of 0"".64# 0"".44. We very marginally spatially resolve
the continuum emission; the deconvolved size is 0"".29± 0"".06
(1.9± 0.4 kpc), with the position angle unconstrained. The dust
continuum is o!set from the HST F160W identification by 0"".22,
which is !2! compared to the astrometric accuracy of the CAN-
DELS images. The HST image is itself spatially unresolved at
0"".20 (1.3 kpc) resolution (Koekemoer et al. 2011). Hence both
the rest-frameUV and far-infrared emission point towards an ap-
parently compact galaxy. This is in contrast with the larger [CII]
disk, which has a projected fwhm of 0"".68 (4.4 kpc), and which
extends on both sides of the dust continuum (Fig. 3).

We also use the continuum image to search for other sources
within the ALMA primary beam, we find no other detections

Fig. 2. Comparison of the spatially integrated [CII], [NII] and 12CO(2–
1) velocity profiles. A scaled version of the ALMA velocity profile is
reproduced as a red dotted line in the middle and bottom panels to show
that the other lines are consistent with it. The top panel also shows that
the new APEX [CII] data (blue dashed histogram) is consistent in both
velocity and flux density.

above the 3! = 0.5mJy beam$1 level. Scaling the SFR from
ALESS73.1 (Hodge et al. 2013), we therefore detect no galaxies
within a projected radius of 40 kpc with dust-obscured SFR of
> 75M% yr$1. This indicates that ALESS 73.1 is unlikely to be a
component of a mid-stage pre-coalescence merger with a sec-
ond far-infrared-luminous companion, unlike hyper-luminous
sources like HATLAS J084933.4+021443 (Ivison et al. 2013) or
BR1202$0725 (Wagg et al. 2012; Carilli et al. 2013; Carniani
et al. 2013).

3.2. [CII] velocity analysis

Our high S/N ALMA observations spatially resolve the [CII]
emission over 0"".6, i.e. spread over ! 2#2 synthesised beams
(Fig. 3). This is a significant improvement with respect to other
ALMA and IRAM observations published to date, which have
relatively low S/N and/or barely resolved the [CII] emission
within the individual galaxies3 (Walter et al. 2009; Wagg et al.
2012; Gallerani et al. 2012; Carilli et al. 2013; Riechers et al.
2013; Willott et al. 2013; Wang et al. 2013; Carniani et al. 2013;
Rawle et al. 2013). Our ALMA data have a peak signal-to-noise
ratio SNR=5–15 in each of the individual 25 km s$1 channels,
with an average SNR!10 (Fig. 3). This provides a positional
accuracy Beam/SNR&0"".03–0"".1, allowing us to kinematically
model the optically thin [CII] emission in this high redshift sys-
tem, despite the rather limited spatial extent compared to the syn-
thesised beam size (see also Gnerucci et al. 2011).

The left panel of Fig.4 shows the observed velocity field of
ALESS73.1 obtained by fitting the [CII] line with a single Gaus-
sian (results do not change significantly by fitting with two Gaus-
sians). The velocity field is clearly dominated by rotation. We fit
the velocity field with a dynamical model assuming that the ion-
ized gas is circularly rotating in a thin disk, and that the disk
3 Several high redshift [CII] detections did detect nearby companion
galaxies or di!erent components of lensed galaxies.
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•  HST images likely 
detects unresolved 
AGN. 

•  ALMA 330GHz 
continuum emission is 
marginally resolved. 

•  In contrast [CII] disk 
which extends to both 
sides (~4.4 kpc) 

Point to a 
compact 
galaxy:  
~1.9 kpc 

HST image: Gagin+11, Koekemoer+11  



ALMA,Observation@

•  High S/N observation => can kinematically model the [CII] 
emission 

•  Fit velocity field with dynamical model assuming a circularly 
rotating thin disk 
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Carlos De Breuck et al.: ALMA reveals a nascent galaxy at z=4.8 embedded in a turbulent rotating [CII] disk

Fig. 1. Continuum-subtracted, velocity-integrated [CII] emission over-
plotted on a HST CANDELS YJH image (Grogin et al. 2011; Koeke-
moer et al. 2011). We see that the rest-frame UV emission traced by
HST is dominated by an unresolved point source, consistent with AGN-
dominated rest-frame UV emission, with no clear host galaxy visible.
Both the [CII], which is spatially resolved in our ALMA observations at
! 0"".6 resolution, and the spatially-unresolved continuum emission (see
Fig. 3) peak on the position of the optical/near-infrared source within
0"".2, indicating that the AGN lies close to the centre of the far-infrared
emission. The contour levels start at 5!, where !=10mJy/beam, and
increase by 5!.

[CII] redshift z=4.7555 as the systemic redshift and zero-point
of all velocities quoted in this paper.

We also compared the velocity structure of the [CII] and the
[NII] data from Nagao et al. (2012) by making velocity slices
along the major axis of the data cube of both datasets. The results
are consistent, though a detailed analysis is not possible due to
the limited S/N and spatial resolution of the [NII] data.

We ascribe both the di!erent [CII] flux level and the veloc-
ity shift reported by Nagao et al. (2012) to baseline subtraction
problems in the 3# narrower APEX spectrum of De Breuck et al.
(2011). The consistency between the new APEX and the ALMA
flux implies that we are not missing any significant amount of ex-
tended [CII] flux on short baselines, corresponding to scales of
> 6"" or 40 kpc. All the [CII] emission in ALESS 73.1 therefore
arises from the structures detected in these ALMA observations.

The greyscales in Fig. 3 show the combined 318.13
+ 330.34GHz continuum image, with a synthesised beam
size of 0"".64# 0"".44. We very marginally spatially resolve
the continuum emission; the deconvolved size is 0"".29± 0"".06
(1.9± 0.4 kpc), with the position angle unconstrained. The dust
continuum is o!set from the HST F160W identification by 0"".22,
which is !2! compared to the astrometric accuracy of the CAN-
DELS images. The HST image is itself spatially unresolved at
0"".20 (1.3 kpc) resolution (Koekemoer et al. 2011). Hence both
the rest-frameUV and far-infrared emission point towards an ap-
parently compact galaxy. This is in contrast with the larger [CII]
disk, which has a projected fwhm of 0"".68 (4.4 kpc), and which
extends on both sides of the dust continuum (Fig. 3).

We also use the continuum image to search for other sources
within the ALMA primary beam, we find no other detections

Fig. 2. Comparison of the spatially integrated [CII], [NII] and 12CO(2–
1) velocity profiles. A scaled version of the ALMA velocity profile is
reproduced as a red dotted line in the middle and bottom panels to show
that the other lines are consistent with it. The top panel also shows that
the new APEX [CII] data (blue dashed histogram) is consistent in both
velocity and flux density.

above the 3! = 0.5mJy beam$1 level. Scaling the SFR from
ALESS73.1 (Hodge et al. 2013), we therefore detect no galaxies
within a projected radius of 40 kpc with dust-obscured SFR of
> 75M% yr$1. This indicates that ALESS 73.1 is unlikely to be a
component of a mid-stage pre-coalescence merger with a sec-
ond far-infrared-luminous companion, unlike hyper-luminous
sources like HATLAS J084933.4+021443 (Ivison et al. 2013) or
BR1202$0725 (Wagg et al. 2012; Carilli et al. 2013; Carniani
et al. 2013).

3.2. [CII] velocity analysis

Our high S/N ALMA observations spatially resolve the [CII]
emission over 0"".6, i.e. spread over ! 2#2 synthesised beams
(Fig. 3). This is a significant improvement with respect to other
ALMA and IRAM observations published to date, which have
relatively low S/N and/or barely resolved the [CII] emission
within the individual galaxies3 (Walter et al. 2009; Wagg et al.
2012; Gallerani et al. 2012; Carilli et al. 2013; Riechers et al.
2013; Willott et al. 2013; Wang et al. 2013; Carniani et al. 2013;
Rawle et al. 2013). Our ALMA data have a peak signal-to-noise
ratio SNR=5–15 in each of the individual 25 km s$1 channels,
with an average SNR!10 (Fig. 3). This provides a positional
accuracy Beam/SNR&0"".03–0"".1, allowing us to kinematically
model the optically thin [CII] emission in this high redshift sys-
tem, despite the rather limited spatial extent compared to the syn-
thesised beam size (see also Gnerucci et al. 2011).

The left panel of Fig.4 shows the observed velocity field of
ALESS73.1 obtained by fitting the [CII] line with a single Gaus-
sian (results do not change significantly by fitting with two Gaus-
sians). The velocity field is clearly dominated by rotation. We fit
the velocity field with a dynamical model assuming that the ion-
ized gas is circularly rotating in a thin disk, and that the disk
3 Several high redshift [CII] detections did detect nearby companion
galaxies or di!erent components of lensed galaxies.
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Velocity,Model@

•  Field is dominated by rotation 
 
•  De-projected velocity : 
    (using best fit inclination) 
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(Beam size: 0.58” x 0.39” PA: 91°) 

V
rot

= 120± 20 kms�1



•  Calculate intrinsic velocity dispersion by removing 
beam smearing effects 

 
•  Find a low value for V/σ = 1.5 ± 0.3  

$=> implies a highly turbulent rotating disk 
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Velocity,Dispersion@



Model@
•  PV diagram shows that luminosity is not constant. 

 => suggests disk is gas-loaded 
  or preferentially heated 
  on one side 
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•  Model allows us to constrain the dynamical mass 
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i = 53± 9 deg

logMdyn = 10.19± 0.09

Mdyn = 1.6± 0.3⇥ 1010 M�

Dynamical,Mass@



Continuum,Emission@
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•  Infer luminosity from SPIRE 
(250, 350 & 500µm limits) 

 
•  Implying 
 
    

     distributed within R < 1kpc 
 
 
 
        => “Extreme Starburst” 

A&A proofs: manuscript no. CII

Fig. 4. [CII] velocity field. The left panel presents the observed data, the central panel the best fit rotating disk model (see §3.2) and the right panel
the residuals. The plus and cross mark the locations of the optical counterpart (Fig. 1) and the [CII] peak flux, respectively. The observed motions
of the [CII] emission are consistent with a rotating disk model.
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Fig. 3. Channel maps (spacing 24.85 km s!1) of [CII] overlaid on the
line-free 318.13+330.34 GHz dust continuum image. Contour levels
start at 3!, where !=0.7mJy/beam, and increase by

"
2. The open

cross marks the position of the unresolved F160W image (Fig. 1). Note
that the dynamical centre coincides with the compact dust continuum
source.

surface mass density distribution is exponential !(r)=!0e!r/r0 ,
where r is the distance from the disk center and r0 is the scale
radius. We neglect all hydrodynamical e"ects, therefore the disk
motion is entirely determined by the gravitational potential. The
model also includes the e"ect of beam smearing (for details, see
Gnerucci et al. 2010, 2011). The central panel of Fig. 4 shows
our best fit (i.e. best-fit model convolved with the beam). The
right panel of Fig. 4 shows the residuals of the model, which are
very small (less than 10 km/s in absolute value over most of the
map). Clearly the bulk of the velocity field is very well fitted
with a simple rotation curve (Fig. 5 centre) with a maximum de-
projected4 velocity vrot= 120±10 km s!1 at radius R= 7±1 kpc,
and oriented at a position angle 40#±1# North through East.

Fig. 5 left shows a position velocity diagram extracted from
the cube across the major kinematic axis of the galaxy with the

4 Assuming i=53#, see §3.3.1.

model overplotted as contours. This clearly highlights the ro-
tation seen in the system, but also shows that the luminosity
weighting of the [CII] is not constant; the brightest [Cii] origi-
nates from the higher velocity material. Indeed, the ratio of [CII]
flux between !100 to !50 km s!1 and 50–100km s!1 is 1.7 (see
also Figs. 2 and 3). This non-uniformity suggests that the disk
is either gas-loaded on one side, or preferentially illuminated on
one side; we return to this in §3.4.

This flux asymmetry also illustrates the limits of our sym-
metric disk model. Significantly higher spatial resolution ob-
servations are needed to determine a reliable flux distribution
within the disk. In order to check if the non-uniform flux dis-
tribution in the disk could bias our results, we also modeled the
disk with the KINematicMolecular Simulation (KinMS) routines
of Davis et al. (2013), and with a simple arctan model (e.g. Swin-
bank et al. 2012a). The KinMS routine coupled to the bayesian
Monte Carlo Markov Chain fitter KinMS_fit (Davis et al., in
prep.) matches the brightness distribution of each pixel in the
simulated and observed datacubes, rather than fitting Gaussians
like the fitting code described above. In the arctan model, the
observed emission is fitted assuming its rotation curve uses the
form v(r) = 2 "!1vasym arctan(r/rt), where vasym is the asymptotic
rotational velocity and rt is the e"ective radius at which the rota-
tion curve turns over. Using these three independent methods we
find entirely consistent results, strengthening our confidence that
our simple disk model is su#cient to reliably determine the dy-
namical mass enclosed within the outermost radius of the [CII]
emitting disk (§3.3.1).

To derive the (model-independent) intrinsic velocity disper-
sion of the disk at each pixel (corrected for the contribution of
the velocity gradient across the synthesised beam), we follow
Swinbank et al. (2012a). At each pixel in the velocity disper-
sion map, we measure the luminosity weighted velocity gradi-
ent ($v /$R) across the FWHM of the beam at that pixel and
subtract this from the velocity dispersion. In Fig. 5 right, we
show both the observed and intrinsic ($v /$R-corrected) one-
dimensional velocity dispersion profile measure across the major
kinematic axis. This shows that the intrinsic velocity dispersion
of the disk is !int = 40± 10 km s!1 (Fig. 5 right). The ratio of
rotational-to-dispersion-support v /!= 3.1± 1 implying that this
is a highly turbulent rotating disk, a factor of $three lower than
local disks observed in CO (e.g. Downes & Solomon 1998), but
comparable to other high-redshift disks with similar resolution
data from the H# line (e.g. Genzel et al. 2011; Swinbank et al.
2012a). We do warn that the optically thin [CII] emitting gas is
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[CII] contours Position of F160W image 

330GHz dust continuum image 

[Swinbank+14] 

L8�1000µm ⇡ 5.6⇥ 1012L�

SFR ⇡ 1000 M�yr
�1

⌃SFR ⇡ 300 M�yr
�1kpc�2



Gas,Disk@
•  Previous CO(2-1) detection gives: 

     => Combine with derived Mdyn: 
 
 

           =>  

 

29/01/2014 IoA Seminar 

[Coppin+10] 

M⇤ < 1.3⇥ 1010M�

MH2 = 1.6± 0.6⇥ 1010M�

!  [CII] emission -> regular rotation pattern 
 
!  Continuum emission -> compact site of violent star formation  

    (SFR ~ 1000 M"yr-1) 

fgas > 0.6



Disk,Stability@
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•  Toomre stability criterion:  
 Q > 1 

 
•  Assume gas dominates mass 

budget => calculate Qgas 

•  At all radii, Q < 1 
 
•  Increase of Q towards centre 
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Fig. 6. Confidence contours for the dynamical mass and inclination of
the rotating disk model from 105 trials of the MCMC.We estimate a typ-
ical mass of the galaxy of Mdyn = 2.5±0.5! 1010 M" within R = 7 kpc.

Fig. 7 shows the spatially resolved Toomre Q distribution,
and an azimuthally averaged radial profile in # 1 kpc bins across
the galaxy image. At all radii, Q is well below 1, suggesting
that the disk is unstable throughout. We note that the highest
velocity material, which is also the brightest in [Cii], has some
of the lowest Q values, which is expected if this emission arises
from PDRs in a region of intense star-formation. The increase
of Q towards the the inner regions is due to the high torque on
the gas making it more di!cult to collapse, as often seen in other
high-redshift star-forming galaxies (e.g. Genzel et al. 2014). The
instability of the disk is thus consistent with the high SFR, and
suggests that the galaxy is undergoing a rapid conversion of gas
to stars in a large and gas-rich disk.

4. Discussion
4.1. A compact, gas rich galaxy with a high star-formation

rate

The Mdyn= 2.5±0.5! 1010 M" (§3.3.1), is close to the cold gas
mass MH2= 1.6± 0.3! 1010M", derived from the 12CO(2–1) de-
tection reported by Coppin et al. (2010). As the MH2 was de-
rived assuming a conservative (low) CO-to-H2 conversion fac-
tor XCO=0.8M"(K kms$1 pc2)$1, it is clear that ALESS 73.1 is
a very gas-rich galaxy. We can also obtain an estimate of the
atomic gas mass Ma associated with the photodissociation re-
gions using equation 1 from Hailey-Dunsheath et al. (2010).
Note that this assumes that the H2 regions not traced by CO
are negligible, which is appropriate for a galaxy with G0#103
(De Breuck et al. 2011) and close to solar metallicity (see §4.3).
Using the same assumptions as in De Breuck et al. (2011), but
using the more reliable ALMA [CII] flux (Table 1), we derive
Ma % 5! 109 M". The combined atomic plus molecular gas mass
is therefore # 2! 1010 M", implying a gas fraction fgas=0.6–1.

We can also use the mass budget MH2<Mdyn $ Ma $ M& to
constrain XCO. Assuming no significant dark matter contribu-
tion within 7 kpc and minimising M&, this puts an upper limit
XCO<1.3 (K km s$1 pc2)$1, i.e. a third of the Galactic value and
#half the XCO derived for other SMGs (e.g. Danielson et al.
2013).

Despite being a relatively low-mass galaxy compared to dy-
namical masses for SMGs (Tacconi et al. 2008; Bothwell et
al. 2013), or masses estimated from photometric modeling of
the SEDs of submillimetre-selected galaxies (e.g. Hainline et
al. 2011; Simpson et al. 2014), our bright and unresolved dust
continuum detection (Fig. 1) suggests that the star-formation

Fig. 7. Spatial variation of Toomre Q parameter within the gas disk
in ALESS73.1. The main panel shows the azimuthally integrated Q
as marked with dashed lines in the inset. We see that Q declines with
radius into the outer, gas-dominated, parts of the galaxy. This behaviour
is similar to that inferred for less actively star-forming galaxies at z # 2
from H! kinematic studies (Genzel et al. 2011; Swinbank et al. 2012a).
However, the entire disk has Q<1, meaning it is unstable throughout.

in ALESS73.1 is coincident with the position of the AGN
host galaxy, and not in a nearby companion, as seen in sev-
eral other SMGs (e.g. Ivison et al. 2008, 2012; Hodge et al.
2013). Swinbank et al. (2014) infer from the SPIRE 250, 350
and 500 µm limits and the 20 cm detection of Miller et al. (2013),
L8$1000 µm= 5.6+1.8$1.1! 10

12 L". Assuming the Kennicutt (1998) re-
lation, this implies a SFR of 1000± 150M" yr$1 for a Salpeter
initial mass function. While ALESS73.1 does have an AGN, the
sensitive upper limits provided by Herschel/PACS photometry
exclude a significant AGN contribution to L8$1000 µm (Gilli et al.
2014; Swinbank et al. 2014).

Combining this high SFR with the M&< 1.2! 1010 M" limit
(§3.3.3) implies a specific star-formation rate sSFR> 80Gyr$1
which is significantly higher than the bulk “normal” star-forming
galaxies at the same redshift, i.e. almost an order of magnitude
above the “main sequence” at the same redshift (e.g. González et
al. 2010; Stark et al. 2013). This galaxy will thus double it’s stel-
lar mass in #12Myr; we are thus likely observing ALESS73.1
during its first major burst of star formation. Generally, galax-
ies with sSFR well above the Main Sequence are identified as
“starburst galaxies” in which star-formation is thought to oc-
cur in a violent mode as a consequence of galaxy merging or
strong interactions. Nevertheless, the atomic and ionized gas in
ALESS73.1, as traced by [CII], still shows rotationally sup-
ported disk kinematics (as seen in less active, normal main se-
quence galaxies) underlining the rapidity with which gas can
reach such configurations, even in the most active systems. Our
ALMA observations clearly illustrate that high spatial resolu-
tion observations of atomic (or molecular) lines can be the only
way to probe the dynamics of even the highest redshift galaxies,
which could be obscured or barely resolved at optical/near-IR
wavelengths.

4.2. Limits on outflowing gas

The [CII] profile in Fig. 2 shows no obvious indication of an
underlying broad component indicative of an outflow as seen
in some other high-z systems mapped in [CII] (Maiolino et al.
2012). In order to set an upper limit on this outflow, we fitted
the ALMA spectrum by forcing a third broad component with a
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Carlos De Breuck et al.: ALMA reveals a nascent galaxy at z=4.8 embedded in a turbulent rotating [CII] disk

Fig. 5. (Left:) Position-velocity diagram along the major axis of the disk model of Fig. 4. Contours show our best fit rotating disk model. (Centre:)
Rotation curve extracted along the major axis with our best-fit model overplotted as a dashed line. (Right:) The variation in velocity dispersion as
a function of radius in the disk. We estimate a typical Vrot/!int ! 2.5 in the disk, showing that it is relatively turbulent. The rise towards the centre
in the observed dispersion is an artifact resulting from the limited spatial resolution of the data.

fwhm> 500 km s"1. This third component is not statistically sig-
nificant and is not required by the fit, but we can use it to set
an upper limit of < 1.3 Jy km s"1 on the presence of an outflow.
This translates into an upper limit on the atomic gas mass in any
outflow of < 8# 108 M$. By assuming an extension over a radius
of ! 1 kpc (as in other massive outflow observed in other galax-
ies) and adopting the equations given by Maiolino et al. (2012),
we constrain the outflow rate to ! 103 M$ yr"1. This is a rather
loose upper limit, but it does show that any outflow must be less
than the star-formation rate, i.e. even if an outflow is present, it
is unlikely to dominate the evolution of the gas reservoir.

4.3. Metallicity

Nagao et al. (2012) used the [NII] 205 µm/[CII] 158 µm ratio
in ALESS73.1 as a powerful new probe of the metallicity in
the ISM. In particular, this line ratio is free of extinction ef-
fects which often complicate determinations from optical and
near-infrared line ratios. The observed ratio used by Nagao et
al. (2012) was rather uncertain due to the velocity o!set seen
with respect to the narrow-bandwidth APEX spectrum. Using
the new [CII] spectroscopy, we can now constrain this ratio
to [NII]/[Cii]= 0.085± 0.015. Figure 8 shows that this implies
Z = 0.6–3Z$, where the uncertainty in dominated by the mod-
els rather than the measurement uncertainties. The new ALMA
[CII] data therefore strengthen the conclusion of Nagao et al.
(2012) that ALESS73.1 already has a gas disk with an extent
of ! 7 kpc and with a metallicity which is at least solar, if not
super-solar, when the age of the Universe was a mere 1.2Gyr.
Such highly enriched gas has been detected before in broad-line
regions surrounding AGN (e.g. Hamann & Ferland 1993), but
these ALMA observations now suggest that the highly enriched
material may already be spread out over several kpc and suggest
that the stellar populations formed by this starburst galaxy will
have solar metallicity.

Fig. 8. The observed [N II]/[C II] flux ratio compared with model pre-
dictions for di!erent density n and ionisation parameter U (see Na-
gao et al. 2012). The green hatched range denotes the observed range
for low-redshift galaxies. The pink hatched range shows the observed
ALMA ratio for ALESS73.1 with its uncertainty. The red and blue lines
show Cloudy model results as a function of Zgas with log nHII = 1.5 and
3.0 respectively, while solid and dashed lines denote the models with
logUHII"2.5 and "3.5, respectively. We conclude that the metallicity in
this gas rich disk is likely to be close to solar.

5. Conclusions

Using ALMA, we have spatially resolved the [CII] 158µm emis-
sion in the z = 4.7555 SMG ALESS 73.1. The high S/N data
cube shows that the [CII] emitting gas extends at least twice
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Conclusions@
       FORS2 observations of 2 LAEs detected by ALMA in the  
       z=4.7 BRI1202 QSO+SMG system 

•  Confirm redshifts of Lyα-1 & Lyα-2 -> part of the same system 
•  Powered by in-situ star formation 
•  Large velocity widths: 

-  FWHM(Lyα) >> FWHM([CII]) -> expected by models  
-  Possibly tracing SF in QSO outflow? 

•  Reside within the HII sphere of the QSO 

 
       Kinematic modelling of [CII] detected with ALMA in SMG at z=4.7 

•  Extreme powerful and compact starburst 
•  [CII] emission consistent with a regular, but highly turbulent, rotating 

disk 
•  Demonstrates ALMA’s potential to extend dynamical analysis out to 

such early epochs 
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